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QCD SUM RULES AND PROPERTIES OF BARYONS IN NUCLELl
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The use of medlum-cneryy expariments to coantraln in-medium foar-guark condetsates, whose uncertalnly
in curronily the most impawtant problem inhibliing the use of QCD wum rules W study hadrons in nuclenr
mattes, is dincunsed, A value for a particuliv linear combination of theas condensaies in extracted uaing
reaults of an Inobar-Doorway model mnalysls of plon-nucicus scatiering dats and & QCD sum rule nnalyais
of the mass of the A(1232) In nuclel. Lawndling the analynls to include highur-lying baryon rosmancts is
possible with dati trom modem Tacilides,

A promising develupment for nuclear physics has arisen from the observauon that the low Q?
properties of isolated hudrona (¢.g. 5lheir masses and ¢ouplings to other hadrons) are quantiutively
roluted w0 the dynumicu of high- Q°, where nonperturbutive hehavior is described by condennates
uf quarks and gluona! using the method of QCD sum rules. A question of intereat now is whother
the rum rule method is w viuble approuch for unduerstanding nucicar phenomena in QCD. Tiw
angwer appeurs 1o bo “yes,” hut the quark and gluon structure in the nucleus remaina to he fully
charucterized. This requires lln.urellwl and experimentul studies us discussed below.,

In the an.cnsion to nuclel,? the condensates become matrix clements of quark und gluon flelds
in the nuclear ground statw, or aucleur vacuum |A). They ure more numerous for a variety of
reasons. One i that there hu now & new (our-vector characwrizing the systom, namely the four
velucity ot the nucleus uY, giving u richer possible tensoral structure.  Anuther Is that the
vondensates develop a density depondence. The four-quark condensate is an especially important
consideration In nuclel. Up to now, this condensate, (AlJgl¢lA), hus been treuted by
fuctorization, and the results for the scalar muss of a nucleon in & mulcuu depend on how density
dependence |s aasigned in the four-quurk condensate after fuctorizaton.' One concludes from this
thut factori zation in not justitlied. snd that to upply QCD to nuclel the four-yuark vacuum atructure
of nuclei muat be fixed (rom other sources,

To go beyond the factorized approximation in the QCD aum rule unalyais of hadrons in nuclel,
it i necusaury to determine the four-quurk condensates

¢ w (A7 ulA) | ()

wlme I, correspunds to the elght spin structures T, = 1, dis yq: yss ¥, yey”: 0" Viand
o*'u, (Iuhlnd (w4, %6,9. 10,11 and 12in |he following uu). with i) Y'p, Onecan
elther uso experimental lnrurmnunn to determine these condensates,! an we next dlu‘uu. ur une
may use models, ¢, Ref. 8,

We have proposed determining the in- mmllu-n four-quatk condensates hy uaing the known
propertics of the A(1232) resonance i nueler? To do this, one may tuke advantage of o of the



importunt discoveries with meson fucilities, namely that it is possible to extract the propugator of 4
A(1232) from the analysis of pion-nucleus scattering.** One may do this using the phenomeno-
logical isobar doorway model™’ analysis, which determined that the A mass in the nuclear mediom
is within about 10 MeV of the tree A mass and thut its width is broadened by about 10%,

The starting point of the QCD sum-rule analysis of the A(1232) in nuclear matter is the two-
point function, usually called the correlutor:

A(p)S, = if (Al ndcome@falatee @)
where the quantity ni(x) is a compusie fleld operator, the A(x) current,
Ma(x) = e lmTerut(au(x) .

(!)'nﬁ(.dA) = Ay, . 3

where C is the churge conjugation operutor and the u(x) are #-quark ficlds luboled by color, l'A
is u structure paramowr and v, is a Raritu-Schwinger (spin 3/2) spinor.

In generul termy, the procedure follows that in tree space.*Y The RHS is the same us hefore,
except that for the A mass we tuke

M. = My + M} + SM3i . )

and require u modified valug of the structure purumeter Ay, We choose three standard Lorentz
structures (o doterming AL, My, and M4, On the lefi-hund side we, of courss, huve 10 use th
in-medium values o' the condensatex. This includes the non-fuctorized four-quark condensates.
With our choice of sum rules, the Tour-quark contribution vanishes tor ull except [, and thus the
duw determines the following linear combination of the ¢,’s.

My = z—I‘:,-[c, =y = 2049+ 204 /3 + (o9 = C1p[3 4 4 9 = 1603 /9] . (3)

Our results are as follows, (1) Using the 1esult thut the pole position is approximately the sume
us its free valus, which we tuke as M, w 1,38 GuV, we find thut the shift from the fuctorized value
1] 611;," = 0,026 GoV® at 1/2 central nuclear density, Por purposes of comparison, we tind that
l'l:,"(lma spuce) w 0,42 GuV*" und 14(fuc, in-med) m 0,27 GeVP. (2) We find that the vector
mass of the A(1232), M} » 97 MeV. This result for the vector muss shift s about 1/4 of that
found In the calculation of Ref, 3 tor the nucloon at nuclear density. Withowt o’ﬂ:'. My would he
ahout 200 MeV higher, so it Is seen that the etfect of STISY fu significant. The properues of the
A(1232) In nuclel uwsing QCD sum rulux hus ulso hesn cunsfdemd recently by Jin'" from a different
point of view, We conclude that it ax possible to use the experimental duts on plon-nugleus
scutiering at the encryles in the A(1232) regron to extract a valug for the tour quark condensate term
1. at enters for that resonunce tn nuclear matter



Two alwernative appmucheh tor extending the ahove analysis to c.omnder the coupling constant
Lxna D tree space and in the nucleus are the light-cone approach!! und the three- point tunction
upprouch. respecuvely.

Modern facilities providing heams of electrons, photons, pions, and kaons in the GeV range
will make it possible to study the higher-lying baryon resonance region, Application of the i1sobar-
doorway annlysis to these data may make it possible to determine the masses and couplings of
pions to resonances above the A(1232). Some data exist already for pion and photon scatisring in
this region, und preliminary results suggest an interesting density dependence for the pion coupling
to higher-lying resonances.!’  Extension of the ubove unalysis to higher-lying resonances is
therefore un interesting future dirsction
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